cAMP-independent effects of 8-(4-parachlorophenylthio)-cyclic AMP on spike duration and membrane currents in pleural sensory neurons of Aplysia.
1. The serotonergic modulation of pleural sensory neurons in Aplysia is mediated via two second messenger systems: the adenosine cyclic monophosphate/protein kinase A (cAMP/PKA) and diacylglycerol/protein kinase C systems. Often membrane permeable derivatives of cAMP, such as 8-(4-parachlorophenylthio)-cAMP (pcpt-cAMP), have been used to investigate the role of cAMP/PKA in modulating sensory neurons. In light of recent findings that pcpt-cAMP may have cAMP-independent actions, we have reexamined the effects of pcpt-cAMP on the action potential and membrane currents of the sensory neurons. 2. Although pcpt-cAMP (500 microM to 1 mM) and serotonin (5-HT; 10 microM) induced comparable measures of spike broadening (an average increase above baseline of 29 and 40%, respectively), the broadening produced by the two was qualitatively different. Serotonin-induced broadening developed slowly over 9-12 min, was most prominent during later phases of the spike repolarization, and reduced the spike afterhyperpolarization. In contrast, pcpt-cAMP-induced broadening developed rapidly, was rather uniform throughout the repolarization phase of the spike, delayed the peak of the action potential, and increased the afterhyperpolarization. 3. Preexposure of sensory neurons to 5-HT did not occlude further spike broaden by subsequent application of pcpt-cAMP. Indeed the effects of the two were additive. In addition, the effects of pcpt-cAMP were not mimicked by another analogue of cAMP, 8-bromo-cAMP. Interestingly, most of the effects of pcpt-cAMP on the action potential were mimicked by 8-(4-parachlorophenyl-thio)-guanosine cyclic monophosphate (pcpt-cGMP), but not by 8-bromo-cGMP. 4. During voltage-clamp pulses to 20 mV, pcpt-cAMP reduced the membrane current throughout the voltage-clamp pulse, which was qualitatively different from the modulation of the membrane current by 5-HT. In addition, the pcpt-cAMP-induced reduction in the membrane current at the beginning of the pulse was much greater than that induced by 5-HT. Moreover, preexposure of sensory neurons to 5-HT did not occlude further reduction in the membrane current by subsequent application of pcpt-cAMP. 5. These results suggest that pcpt-cAMP has some mechanisms of action that are not shared by 5-HT or cAMP but are shared by pcpt-cGMP. In addition, these findings provide further evidence that results obtained with this compound should be interpreted with caution.